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 ,QWURGXFWLRQ
6XUIDFH URXJKQHVV LV D YLWDO SDUDPHWHU WR DVVHVV WKH GHVLUDEOH TXDOLW\ RI WKH ILQLVKHG SURGXFW  +DUG WXUQLQJ
SURFHVVLVDGYDQWDJHRXVRYHUWUDGLWLRQDOSURFHVVLQWHUPVRIUHGXFWLRQLQF\FOHWLPHUHGXFWLRQLQSURGXFWLRQFRVWDQG
LPSURYHPHQW LQ VXUIDFH ILQLVK 0DQXIDFWXULQJ LQGXVWULHV DUH GHYHORSLQJ DWWHQWLRQV RQ GLPHQVLRQDO DFFXUDF\ DQG
VXUIDFHURXJKQHVVRIILQLVKHGSURGXFWVDVWKH\DUHYHU\PXFKLPSRUWDQW
,QWKHKDUGWXUQLQJSURFHVVWKHUHLVDKLJKXUJHWRUHGXFHFXWWLQJWHPSHUDWXUHFXWWLQJIRUFHDQG IULFWLRQVRDVWR
UHGXFH WRRO ZHDU DQG WR LPSURYH VXUIDFH ILQLVK +HQFH KDUG WXUQLQJ RSHUDWLRQ LV QRUPDOO\ SHUIRUPHG XQGHU
FRQYHQWLRQDOZHWFRROLQJ
%HVLGHV SURYLGLQJ WHFKQRORJLFDO EHQHILWV FRQYHQWLRQDO FXWWLQJ IOXLGV SRVH HQYLURQPHQWDO SUREOHPV VXFK DV
SROOXWLRQLQWKHVKRSIORRUGXHWRFKHPLFDOEUHDNGRZQRIWKHFXWWLQJIOXLGDWKLJKFXWWLQJWHPSHUDWXUHFUHDWLRQRI
ELRORJLFDOO\ KD]DUGRXV HQYLURQPHQW WR RSHUDWRUV GXH WR EDFWHULDO JURZWK ZDWHU SROOXWLRQ DQG VRLO FRQWDPLQDWLRQ
GXULQJILQDOGLVSRVDO 'KDUHWDO  3HRSOHH[SRVHGWRODUJHTXDQWLWLHVRIFXWWLQJIOXLGVPD\KDYHVNLQFRQWDFW
DQG WKH\PD\ LQKDOH RU VZDOORZ WKHPLVW SDUWLFOHV RI FXWWLQJ IOXLG7KH DGGLWLYHV SUHVHQW LQ WKH SHWUROHXPEDVHG
FXWWLQJIOXLGVPD\FDXVHGHUPDWLWLVSUREOHPVLQWKHUHVSLUDWRU\DQGGLJHVWLYHV\VWHPVDQGHYHQ FDQFHUGXHWRWKHLU
WR[LFLW\ 4XLQQ  +DQGOLQJ RI FXWWLQJ IOXLG PD\ LQFOXGH WKH SUHWUHDWPHQW DQG WUHDWPHQW RI FXWWLQJ IOXLG







GLIILFXOW WR LPSOHPHQWRQ WKH H[LVWLQJ VKRS IORRU DV LW QHHGV H[WUHPHO\ ULJLGPDFKLQH WRROV DQGXOWUD KDUG FXWWLQJ




SUDFWLFDO SXUSRVHV LW UHVHPEOHVGU\ WXUQLQJ LQ DFKLHYLQJ LPSURYHG VXUIDFH ILQLVK ORZHU WRROZHDUE\ PDLQWDLQLQJ
FXWWLQJIRUFHVDQGSRZHUDWUHDVRQDEOHOHYHOV 3KLOLS HWDO 
0RGHOV UHODWHG WR PDFKLQLQJ RSHUDWLRQV DUH QRQOLQHDU LQ QDWXUH  ,Q RUGHU WR JHW EHWWHU DQG DFFXUDWH UHVXOWV
DQDO\WLFDO PRGHOV DUH RIWHQ VXEMHFWHG WR VLPSOLILFDWLRQV DQG DVVXPSWLRQV  $UWLILFLDO LQWHOOLJHQFH EDVHGPRGHOLQJ
DSSURDFKHVDUHVXLWDEOH IRU UHDO WLPHDSSOLFDWLRQVRXWRIZKLFK $UWLILFLDO1HXUDO1HWZRUN $11ZDVIRXQG WREH









VXUIDFHURXJKQHVVLQKDUGWXUQLQJSURFHVVEXW YHU\IHZ ZRUNVDUH UHSRUWHGRQWKHPRGHOLQJRIVXUIDFHURXJKQHVVLQ
KDUGWXUQLQJZLWKPLQLPDOFXWWLQJIOXLGDSSOLFDWLRQGXULQJKDUGWXUQLQJRI$,6,VWHHOZLWKRSHUDWLQJSDUDPHWHUV
ZLWKRXW VHQVRU IXVLRQ  ,Q WKHSUHVHQWZRUNDQDWWHPSWZDVPDGH WR IXVH WKHFXWWLQJ WHPSHUDWXUH VLJQDOVZLWK WKH
FXWWLQJSDUDPHWHUVLJQDOVXVLQJDQHXUDOQHWZRUNPRGHOWRSUHGLFWVXUIDFHURXJKQHVVGXULQJKDUGWXUQLQJRI+WRRO
VWHHOZLWKPLQLPDOFXWWLQJ IOXLGDSSOLFDWLRQ  ,WZDV IRXQG WKDW WKHSUHGLFWLRQVRI WKH$11DVVLVWHG VHQVRU IXVLRQ
PRGHOPDWFKHGZHOOZLWKWKHH[SHULPHQWDOUHVXOWV
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)LJ ([SHULPHQWDOVHWXSFRQWDLQVODWKHDQG0LQLPDO)OXLGDSSOLFDWLRQV\VWHP
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7KH FXWWLQJ SDUDPHWHUV QDPHO\ IHHG UDWH FXWWLQJ VSHHG DQG GHSWK RI FXW ZHUH YDULHG DW WKUHH OHYHOV  7KH
H[SHULPHQWDOZRUNZDVFRQGXFWHGZLWKWZRUHSOLFDWLRQV7DEOHVKRZVWKHH[SHULPHQWDOFRQGLWLRQVDQGUHVXOWVRI







$EDFNSURSDJDWLRQDOJRULWKPZKLFKDGMXVWVZHLJKWVDFFRUGLQJWRWKH JUDGLHQWGHVFHQWPHWKRG 9DOOXUX 5DRDQG
+D\DJULYD 5DR  ZDV XVHG WRPLQLPL]H WKH GLIIHUHQFH EHWZHHQ WKH GHVLUHG RXWSXW DQG DFWXDO RXWSXW RI WKH





µQ¶ µQ¶DQG µQ¶ ZKHUHQLVWKHQXPEHURILQSXWQRGHV6LQFHWKHQXPEHURILQSXWYDULDEOHVLVIRUWKLVVWXG\
WKH UHFRPPHQGHGQXPEHURIQRGHV LQ WKH KLGGHQ OD\HUDUH   §   DQG  
7KHUHIRUH WKLV VWXG\ ZDV DSSOLHG WR HLJKW GLIIHUHQW QHWZRUN VWUXFWXUHV ZKLFK DUH ±± ±± ±± ±±
±±± ± ±± ±±± DQG ±±± DSDUW IURP  RWKHU FRQILJXUDWLRQV IRU WKH SUHGLFWLRQ RI VXUIDFH
URXJKQHVV
,Q WKLV SUHVHQW LQYHVWLJDWLRQ µWUDLQOP¶ZDV FRQVLGHUHG DV WKH WUDLQLQJ IXQFWLRQ DQG µOHDUQJGP¶  DV WKH OHDUQLQJ








HUURUPHWKRG =KDQJ HW DO  IRU WKHEHVW FRQILJXUDWLRQZLWK OHDVW06(HUURU YDOXH DQGEHWWHU FRHIILFLHQW RI
GHWHUPLQDWLRQ
 6XUIDFHURXJKQHVVSUHGLFWLRQE\$11ZLWKRXWVHQVRUIXVLRQ
$URXWLQHZKLFKXWLOL]HVD IHHGIRUZDUGEDFNSURSDJDWLRQDOJRULWKPZDVXVHG IRUGHYHORSLQJ WKH$11PRGHO
2XWRIWKHUHDGLQJVLQ7DEOHUHDGLQJVZHUHUHVHUYHGIRUWUDLQLQJ WKHPRGHODQGUHDGLQJVZHUHXVHGIRU
WHVWLQJWKHPRGHODQGWKLVUDWLREHWZHHQWKHQXPEHURIWUDLQLQJYDOXHVWRWKH QXPEHURIWHVWLQJYDOXHVZDVFKRVHQ
EDVHGRQVLPLODUZRUN $EGDOODHWDO&KU\VVRORXULVDQG*XLOORW  &XWWLQJWHPSHUDWXUHZDVQRWWDNHQLQ
WRFRQVLGHUDWLRQ1HWZRUNVZLWKYDU\LQJDUFKLWHFWXUHZHUHWUDLQHGIRUGLIIHUHQWQXPEHURIF\FOHV7KHQXPEHURI
KLGGHQ OD\HUVDQGQXPEHURIQHXURQV LQ WKHKLGGHQ OD\HUZDVFKDQJHGSURJUHVVLYHO\7KH URRWPHDQVTXDUHHUURU
506(ZDVFRQVLGHUHGDVTXDGUDWLFVFRULQJUXOHIRUWKHPHDVXUHPHQWRIDYHUDJHPDJQLWXGHRIWKHHUURU506(LV
PRUHXVHIXOZKHQODUJHHUURUVDUHSDUWLFXODUO\XQGHVLUDEOH 3DXOR 'DYLP 
$11PRGHOZDVWUDLQHGZLWKGLIIHUHQWFRQILJXUDWLRQVZLWKRXWFRQVLGHULQJWKHWHPSHUDWXUH DQG506(YDOXHV
DQGFRHIILFLHQWRIGHWHUPLQDWLRQYDOXHVZHUHFDOFXODWHG  ,Q WKLVVWXG\GLIIHUHQWDUFKLWHFWXUHVZHUH WUDLQHGDQG
VRPHRIWKHFRQILJXUDWLRQVZKLFKJDYHORZHU06(VDUHVKRZQLQ)LJ
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)LJ 9DULDWLRQRIOLPLWLQJ06(ZLWKGLIIHUHQWOD\HUFRQILJXUDWLRQ
2XWRIWKHWKHFRQILJXUDWLRQVDQDUFKLWHFWXUHFRQVLVWHGRIWKUHHQHXURQVLQWKHLQSXWOD\HUWZRKLGGHQOD\HUV
ZLWKVHYHQQHXURQV HDFK DQG RQHQHXURQLQWKHRXWSXWOD\HUZDVIRXQGWRKDYHORZHVW06(YDOXHRI
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 $UWLILFLDO1HXUDO1HWZRUNPRGHOZLWKVHQVRUIXVLRQ
,W LV UHSRUWHG WKDW DPRGHO FDQ SUHGLFW WKH UHVXOWV LQ D EHWWHUZD\ZKHQ V\PSWRPV DUH FRQVLGHUHG FROOHFWLYHO\
UDWKHUWKDQZKHQWKH\DUHFRQVLGHUHGLQGLYLGXDOO\ 6DPDQG9DUDGDUDMDQ  $FFRUGLQJO\DQDWWHPSWZDVPDGH
WRGHYHORSDQ$11PRGHOWRIXVHFXWWLQJWHPSHUDWXUHDORQJZLWKIHHGUDWH FXWWLQJVSHHGDQGGHSWKRIFXW7KH
VHWV RI H[SHULPHQWDO GDWD DYDLODEOH LQ7DEOHZDV XVHG IRU GHYHORSLQJ WKH VHQVRU IXVLRQPRGHO RXW RIZKLFK
UHDGLQJV ZHUH WDNHQ IRU WUDLQLQJ DQG  UHDGLQJV ZHUH WDNHQ IRU WHVWLQJ ,Q WKLV VHQVRU IXVLRQ PRGHO FXWWLQJ
WHPSHUDWXUH ZDV WDNHQ LQWR FRQVLGHUDWLRQ DQG LW ZDV IXVHG DV RQH RI WKH LQSXW SDUDPHWHUV DORQJ ZLWK IHHG UDWH
FXWWLQJ VSHHG DQG GHSWK RI FXW $ IHHGIRUZDUG EDFN SURSDJDWLRQ DOJRULWKP ZDV HPSOR\HG  7KH QHWZRUN ZDV
FUHDWHGZLWKQHXURQVLQWKHLQSXWOD\HUDQG RQHQHXURQLQWKHRXWSXWOD\HUDQGVLPLODUSURFHGXUHLQWKHSUHYLRXV
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&RQVLGHULQJ WKH DGYDQWDJHVRI $11 FXWWLQJ WHPSHUDWXUHZDV FRQVLGHUHG DORQJZLWK WKH FXWWLQJSDUDPHWHUV WR
SUHGLFWVXUIDFHURXJKQHVVDQGLWZDV IRXQG WKDWEHWWHUSUHGLFWLRQLVSRVVLEOHZKHQFXWWLQJWHPSHUDWXUHLVFRQVLGHUHG
FROOHFWLYHO\ZLWKWKHFXWWLQJSDUDPHWHUV 7KHFRPSDULVRQEHWZHHQ$11PRGHOZLWKDQGZLWKRXW IXVLRQVKRZQLQ
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$FNQRZOHGJHPHQW
7KH DXWKRUV DUH JUDWHIXO WR WKH &HQWUH IRU 5HVHDUFK LQ 'HVLJQ DQG0DQXIDFWXULQJ (QJLQHHULQJ &5'0 RI WKH
6FKRRORI0HFKDQLFDO 6FLHQFHV.DUXQ\D8QLYHUVLW\ IRU IDFLOLWDWLQJ WKHUHVHDUFKZRUN7KHDXWKRUVZRXOG OLNH WR
WKDQN0U 1LWLQ'DYLG0U1LNKLO*HRUJH DQG0U*LELQ. 6LPRQ DQG JURXS IRU WKHLU KHOS LQ FRQGXFWLQJ WKH
H[SHULPHQWV
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